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In a previous stage, receive respective preamble
sub-sequences, and determine the instances of time
at which the respective preamble
sub-sequences are detected 1n a detection window

In a current stage, recerve respective preamble
sub-sequences, and determine the instances of time
at which the respective preamble

sub-sequences are detected 1n the detection window

Determine preamble sub-sequences belonging to a
same preamble sequence according to the mstances
of time at which the respective preamble
sub-sequences are detected 1n the current stage, and
the mnstances of time at which the respective preamble
sub-sequences are detected 1n the previous stage
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METHOD AND DEVICE FOR
DETERMINING PREAMBLE SEQUENCE OF
PHYSICAL RANDOM ACCESS CHANNEL

This application 1s a National Stage of International

Application No. PCT/CN2018/076981, filed Feb. 22, 2018,
which claims the benefit of prionity to Chinese Patent

Application No. 201710175422.6, filed with the Chinese
Patent Office on Mar. 22, 2017, which 1s hereby incorporated
by reference 1n 1ts entirety.

FIELD

The present application relates to the field of wireless
communications, and particularly to a method and device for
determining a preamble sequence on a physical random
access channel.

BACKGROUND

In the study on a preamble sequence on a New Radio
(NR) Physical Random Access Channel (PRACH) in a
5%.Generation (5G) mobile communication system, in order
to Turther improve the performance of detecting a preamble,
and to lower the probability that short preamble sequences
collide with each other, a multi-stage (M-stage) preamble
sequence has been designed, where an M-stage preamble
sequence mncluding M number of preamble sub-sequences 1s
used for Msgl transmission in a random access. A User
Equipment (UE) selects an M-stage preamble sequence from
a predefined or network-configured set of M-stage preamble
sequences, and transmits it over a network-configured time-
frequency resource. The network (a next-Generation Node B
(gNB) or a Transmission and Reception Point (TRP)) detects
the time-frequency resource respectively for M preamble
sub-sequences in the M-stage preamble sequence. The
M-stage preamble sequence can be detected correctly only 1f
all of the M preamble sub-sequences are detected correctly.

FIG. 1 1s a schematic diagram of an example of a designed
M-stage preamble sequence on an NR-PRACH, where M=2,
that 1s, a 2-stage preamble sequence includes two preamble
sub-sequences (Preamble-1 and Preamble-2 as illustrated).
There are respective Cyclic Prefixes (CPs) of two consecu-
tive preamble sub-sequences (Preamble-1 and Preamble-2),
and a Guard Time (GT) interval 1s reserved at the tail of the
2-stage preamble sequence. The respective preamble sub-
sequences are selected separately by the UE to compose the
2-stage preamble sequence, transmitted as Msgl, and
detected respectively at the network side. The 2-stage pre-
amble sequence can be detected correctly only 11 both of the
preamble sub-sequences are detected correctly.

For a root sequence on a PRACH, the root sequence 1s a
Zadoii-Chu (ZC) sequence (simply a ZC root sequence), and
since 64 preamble sequences of each cell are generated by
cyclically shifting (Ncs, 1.e., zero-correlation configuration)
the ZC root sequence, and the preamble sequence of the UE
1s selected randomly, or allocated by the gNB, 1n order to
alleviate the preamble sequences of the adjacent cells from
interfering with each other, the indexes of ZC root sequences
shall be planned correctly. The indexes of the ZC root
sequences are planned by allocating them so that different
preamble sequences are generated for the adjacent cells
using the indexes to thereby avoid the adjacent cell with the
same preamble sequence from interfering with each other.
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2

A Zadoff-Chu (ZC) sequence with a root index u”

defined in Equation (1) of:

1S

_.wun(ntl) (1)
Nzc O0=n=< Ny -1,

x,(n)=e

Where N represents the length of the ZC sequence, u
represents the root index of the ZC sequence, j=sqrt(-1), and
n represents the index of a sequence element. A random
access preamble 1s obtained by cyclically shifting the ZC
sequence with the root index u” in Equation (2) of:

Xu?v(n) :xu( (H+Cv)m0 d NZC) ”

(2)

Where C  represents a cyclic shift, C.=vN__, and v rep-
resents the V—th cyclic shift Ncs 1n the range of 0.1, ...,
[N/Nes], where |.] represents rounding o

A drawback 1n the prior art lies 1n that 1t a plurahty of UEs
transmits over the same time-frequency resource, then a
preamble sequence may not be detected accurately in the
existing M-stage preamble sequence solution.

SUMMARY

Embodiments of the application provide a method and
device for determining a preamble sequence on a physical
random access channel so as to address the problem 1n the
prior art that an M-stage preamble sequence on an NR
PRACH may not be detected accurately among a plurality of
UEs.

In a first aspect, embodiments of the application provide
a method for determining a preamble sequence on a
PRACH, the method including:

In a previous stage, receiving respective preamble sub-
sequences, and determining instances of time at which the
respective preamble sub-sequences are detected 1n a detec-
tion window;

in a current stage, receiving respective preamble sub-
sequences, and determining instances of time at which the
respective preamble sub-sequences are detected 1n the detec-
tion window:; and

determiming preamble sub-sequences belonging to a same
preamble sequence according to the instances of time at
which the respective preamble sub-sequences are detected in
the current stage, and the instances of time at which the
respective preamble sub-sequences are detected 1n the pre-
vious stage.

Optionally the detection window 1s a ZC sequence detec-
tion window.

Optionally the ZC sequence detection window 1s a ZC
sequence detection window of a same root sequence, or a ZC
sequence detection window of different root sequences.

Optionally the instances of time at which the respective
preamble sub-sequences are detected 1n the detection win-
dow are detected at timing positions.

Optionally determining preamble sub-sequences belong-
ing to the same preamble sequence according to the
instances of time at which the respective preamble sub-
sequences are detected 1n the current stage, and the instances
of time at which the respective preamble sub-sequences are
detected 1n the previous stage includes:

determining an instance of time at which a preamble
sub-sequence 1s detected 1n the current stage, and an instance
of time at which some preamble sub-sequence as preamble
sub-sequences belonging to the same preamble sequence 1n
response to that a difference between the 1nstance of time at
which the preamble sub-sequence 1s detected in the current
stage, and the instance of time at which the some preamble
sub-sequence 1s detected 1n the previous stage 1s below a

preset difference threshold.
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In a second aspect, an embodiment of the application
provides a device for determining a preamble sequence on a

PRACH, the device including;

a processor configured to read and execute program 1n a
memory to: determine instances of time at which respective
preamble sub-sequences are detected 1n a detection window;
and

determine preamble sub-sequences belonging to a same
preamble sequence according to the instances of time at
which the respective preamble sub-sequences are detected in
a current stage, and the instances of time at which the
respective preamble sub-sequences are detected 1n a previ-
ous stage; and

a transceiver configured to transmit and receive data
under the control of the processor 1s configured to:

receive the respective preamble sub-sequences in the
previous stage; and

receive the respective preamble sub-sequences in the
current stage.

Optionally the processor 1s further configured to deter-
mine the instances of time at which the respective preamble
sub-sequences are detected in a ZC sequence detection
window.

Optionally the ZC sequence detection window 1s a ZC
sequence detection window of a same root sequence, or a ZC
sequence detection window of different root sequences.

Optionally the processor 1s further configured to detect the
instances of time at which the respective preamble sub-
sequences 1n the detection window at timing positions.

Optionally the processor 1s further configured to deter-

mine an instance of time at which a preamble sub-sequence
1s detected 1n the current stage, and an i1nstance of time at
which some preamble sub-sequence as preamble sub-se-
quences belonging to the same preamble sequence 1n
response to that a difference between the 1nstance of time at
which the preamble sub-sequence 1s detected in the current
stage, and the mstance of time at which the some preamble
sub-sequence detected 1n the previous stage 1s below a preset
difference threshold.
In a third aspect, embodiments of the application provide
a readable storage medium of a device for caching synchro-
nization anomaly, comprising program codes configured to
cause a computing device to perform the method according
to any one of claims 1 to 5, upon being executed on the
computing device. Advantageous eflects of the application
are as follows:

In the technical solutions according to the embodiments
of the application, since there 1s a relationship between the
instances of time at which preamble sub-sequences belong-
ing to the same preamble sequence are received, whether
respective detected preamble sub-sequences belong to the
same preamble sequence can be determined according to the
relationship between their instances of time, that 1s, when a
relative timing difference between preamble sub-sequences
of a plurality of UEs received by the network 1s more than
an estimated relative timing difference between preamble
sub-sequences of some UE, whether they belong to the same
preamble sequence can be determined to thereby avoid the
problem in the prior art that if a plurality of UEs transmits
over the same time-frequency resource, then an M-stage on
an NR PRACH preamble sequence may not be detected
accurately, and the reliability of the preamble sequence

il

solution can be guaranteed 1n effect.

BRIEF DESCRIPTION OF THE

DRAWINGS

The drawings described here are intended to provide
turther understanding of the application, and constitute a
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4

part of the specification, and the exemplary embodiments of
the application, and the description thereof are intended to
set forth the application, but not to limit the application
unduly.

FIG. 1 1s a schematic diagram of an example of the
designed M-stage preamble sequence on an NR-PRACH 1n

the prior art, where M=2.
FIG. 2 1s a schematic flow chart of a method for deter-

mining a preamble sequence on a PRACH according to
some embodiments of the application.

FIG. 3A and FIG. 3B are schematic diagrams of a 2-stage
preamble sequence receiver for detecting based upon an
estimated relative timing position according to some
embodiments of the application.

FIG. 4 1s a schematic structural diagram of a device for
determining a preamble sequence on a PRACH according to
some embodiments of the application.

FIG. 5 1s a schematic structural diagram of a network-side
device according to some embodiments of the application.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

T

A drawback 1n the prior art lies 1n that 11 a plurality of UEs
transmits over the same time-frequency resource, then a
preamble sequence may not be detected accurately in the
existing M-stage preamble sequence solution. This will be
described below taking M=2 as an example.

For example, two UEs 1 a system transmit 2-stage
preamble sequences over the same time-Irequency resource.
The UE 1 selects a 2-stage preamble sequence (a, b), where
a and b are preamble sub-sequences in the {first stage
(stage-one) and in the second stage (stage-two), respec-
tively; and the UE 2 selects a 2-stage preamble sequence (c,
d), where ¢ and d are preamble sub-sequences in the
stage-one and 1n the stage-two, respectively. A network
detects the preamble sub-sequences a and ¢ 1n two stage-one,
and the preamble sub-sequences b and d 1n two stage-2. At
this time, four possible 2-stage preamble sequences, 1.e., (a,
b), (a, d), (¢, b), and (c, d), are generated. The network
cannot correctly determine the 2-stage preamble sequences
really transmitted by the UE] and the UE2 at this time, so
the 2-stage preamble sequences of the UEs may not be
detected accurately.

In view of this, the technical solutions according to the
embodiments of the application are mtended to address the
problem in the prior art that an M-stage (Multi-stage)
preamble sequence of an NR PRACH may not be detected
accurately among a plurality of UEs. In these solutions, a
combination ol M-stage preamble sequences 1s determined
based upon estimated elative timing positions of all the
M-stage preamble sub-sequences to thereby avoid the prob-
lem that if a plurality of UEs transmits over the same
time-frequency resource, then an M-stage preamble
sequence may not be detected accurately. Particular imple-
mentations of the application will be described below with
reference to the drawings.

FIG. 2 1s a schematic flow chart of a method for deter-
mining a preamble sequence on a PRACH, and as illus-
trated, the method can include the following steps.

The step 201 1s, 1n a previous stage, to receive respective
preamble sub-sequences, and to determine the instances of
time at which the respective preamble sub-sequences are
detected 1n a detection window.

The step 202 1s, 1n a current stage, to receive respective
preamble sub-sequences, and to determine the instances of
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time at which the respective preamble sub-sequences are
detected 1n the detection window.

The step 203 1s to determine preamble sub-sequences
belonging to a same preamble sequence according to the
instances of time at which the respective preamble sub-
sequences are detected in the current stage, and the 1nstances
of time at which the respective preamble sub-sequences are
detected 1n the previous stage.

In some embodiments, the detection window 1s a ZC
sequence detection window.

In some embodiments, the ZC sequence detection win-
dow 1s a ZC sequence detection window of a same root
sequence, or a ZC sequence detection window of different
root sequences.

In some embodiments, the instances of time at which the
respective preamble sub-sequences are detected 1n the detec-
tion window are detected at timing positions.

In some embodiments, determining preamble sub-se-
quences belonging to the same preamble sequence according
to the instances of time at which the respective preamble
sub-sequences are detected in the current stage, and the
instances of time at which the respective preamble sub-
sequences are detected 1n the previous stage includes: deter-
miming an instance of time at which a preamble sub-
sequence 1s detected 1n the current stage, and an 1nstance of
time at which some preamble sub-sequence as preamble
sub-sequences belonging to the same preamble sequence 1n
response to that a diflerence between the instance of time at
which the preamble sub-sequence 1s detected 1n the current
stage, and the instance of time at which some preamble
sub-sequence 1s detected 1n the previous stage i1s below a
preset difference threshold.

In some embodiments, the preset difference threshold can
be determined according to a product precision, or a reso-
lution of a timing position of a user equipment 1n a cell 1n
a real application, or can be customized.

An example will be described below.

This example will be described based upon estimated
relative timing positions of preamble sub-sequences 1n a
2-stage preamble sequence, but can be extended as appro-
priate to preamble sub-sequences 1n an M-stage preamble.

FIG. 3A and FIG. 3B are schematic diagrams of a 2-stage
preamble sequence receiver detecting based upon an esti-
mated relative timing position according to some embodi-
ments of the application, and as illustrated, the UE 1 selects
a 2-stage preamble sequence (a, b), and the UE 2 selects a
2-stage preamble sequence (c, d). In a ZC sequence detec-
tion window of the first stage, the network detects the two
sub-sequences a and ¢ respectively at timing positions 12
and T3, and records the timing positions t(1, 1)=12 and t(1,
2)=T53.

In a particular implementation, a timing position can be
detected by determining the ratio of the maximum of related
power 1n the detection window to noise power as a detection
variable, comparing the detection variable with a pre-calcu-
lated detection threshold, and if the detection variable at
some timing position Tn 1s above the detection threshold,
then determiming that a sub-sequence 1s detected at Tn;
otherwise, determining that no sub-sequence 1s detected at
In.

In a ZC sequence detection window of the second stage,
the network detects the two sub-sequences b and d respec-
tively at the timing positions T2 and T5, and records the
timing positions t(2, 1)=12 and t(2, 2)=T5.

The network side calculates a relative timing difference
between t(1, 1) and t(2, 1) as delta_tl=abs(t(1, 1)-t(2, 1)),
and compares the difference with a preset diflerence thresh-
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6

old JW, and 1if delta_tl 1s below JW, then the network side
will determine that the sub-sequences a and b corresponding
to these two timing positions belong to the same 2-stage
preamble sequence, that 1s, Pre_UE1=(a, b).

Alike the network side calculates a relative timing difler-
ence between t(1, 2) and (2, 2) as delta_t2=abs(t(1, 2) t(2,
2)), and compares the diflerence with the preset diflerence
threshold JW, and 1f delta_t2 1s below JW, then the network
side will determine that the sub-sequences ¢ and d corre-
sponding to these two timing positions belong to the same
2-stage preamble sequence, that 1s, Pre UE1=(c, d).

At this time, the preamble sequence can be detected
accurately at the network side.

In some embodiments, the ZC sequence detection win-
dows may or may not be of the same root sequence.

Based upon the same inventive idea, embodiments of the
application further provides a device for determining a
preamble sub-sequence on a PRACH, and since the device
addresses the problem under a similar principle to the
method for determining a preamble sub-sequence on a
PRACH, reference can be made to the implementation of the
method for some embodiments of the device, and a repeated
description thereof will be omitted here.

FIG. 4 1s a schematic structural diagram of a device for
determining a preamble sequence on a PRACH according to
an embodiment of the application, and as illustrated, the
device can include:

in a previous stage, a time determining module 401 1s
configured to receive respective preamble sub-sequences,
and determine instances of time at which the respective
preamble sub-sequences are detected 1n a detection window;
and 1 a current stage, receive respective preamble sub-
sequences, and determine instances of time at which the
respective preamble sub-sequences are detected in the detec-
tion window:; and

a sequence determining module 402 i1s configured to
determine preamble sub-sequences belonging to a same
preamble sequence according to the instances of time at
which the respective preamble sub-sequences are detected in
the current stage, and the instances of time at which the
respective preamble sub-sequences are detected 1n the pre-
vious stage.

In some embodiments, the time determining module 1s
further configured to determine the instances of time at
which the respective preamble sub-sequences are detected in
a ZC sequence detection window.

In some embodiments, the ZC sequence detection win-
dow 1s a ZC sequence detection window of a same root
sequence, or a ZC sequence detection window of different
root sequences.

In some embodiments, the time determining module 1s
turther configured to detect the instances of time at which
the respective preamble sub-sequences are detected in the
detection window at timing positions.

In some embodiments, the sequence determining module
1s further configured to determine an instance of time at
which a preamble sub-sequence 1s detected in the current
stage, and an instance of time at which some preamble
sub-sequence as preamble sub-sequences belonging to the
same preamble sequence in response to that a difference
between the instance of time at which the a preamble
sub-sequence 1s detected i the current stage, and the
instance of time at which the some preamble sub-sequence
1s detected 1n the previous stage 1s below a preset diflerence
threshold.

For the sake of a convenient description, the respective
components of the devices above have been described
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respectively as respective functional modules or units. Of
course, the functions of the respective modules or units can
be performed 1n the same one or more pieces of software or
hardware 1n some embodiments of the application.

The technical solutions according to the embodiments of >
the application can be implemented as follows.

FIG. 5 1s a schematic structural diagram of a network-side
device according to embodiments of the application, and as
illustrated, the device includes:

a processor 300 1s configured to read and execute program
in a memory 320 to:

determine instances of time at which respective preamble
sub-sequences are detected 1n a detection window; and

determine preamble sub-sequences belonging to a same
preamble sequence according to the instances of time at
which the respective preamble sub-sequences are detected in
the current stage, and the instances of time at which the
respective preamble sub-sequences are detected 1n the pre-
vious stage; and 20

a transcerver 510 1s configured to transmit and receive
data under the control of the processor 500 1s configured to:

receive the respective preamble sub-sequences in the
previous stage; and

receive the respective preamble sub-sequences in the 25
current stage.

In some embodiments, the detection window 1s a ZC
sequence detection window.

In some embodiments, the ZC sequence detection win-
dow 1s a ZC sequence detection window ol a same root 30
sequence, or a ZC sequence detection window of different
root sequences.

In some embodiments, the instances of time at which the
respective preamble sub-sequences are detected 1n the detec-
tion window are detected at timing positions. 35

In some embodiments, determining preamble sub-se-
quences belonging to the same preamble sequence according
to the instances of time at which the respective preamble
sub-sequences are detected in the current stage, and the
instances of time at which the respective preamble sub- 40
sequences are detected 1n the previous stage includes: deter-
mining an instance of time at which a preamble sub-
sequence 1s detected 1n the current stage, and an instance of
time at which some preamble sub-sequence as preamble
sub-sequences belonging to the same preamble sequence 1n 45
response to that a difference between the 1nstance of time at
which the preamble sub-sequence 1s detected 1n the current
stage, and the mnstance of time at which the some preamble
sub-sequence 1s detected 1n the previous stage i1s below a
preset difference threshold. 50

Here 1n FIG. 5, the bus architecture can include any
number of any number of interconnecting buses and bridges
to particularly link together various circuits including one or
more processors represented by the processor 500, and one
or more memories represented by the memory 520. The bus 55
architecture can further link together various other circuits,
¢.g., a peripheral device, a manostat, a power management
circuit, etc., all of which are well known 1n the art, so a
turther description thereof will be omitted 1n this context.
The bus interface serves as an interface. The transceiver 510 60
can be a number of elements, e.g., a transmitter and a
receiver, which are units for communication with various
other devices over a transmission medium. The processor
500 1s responsible for managing the bus architecture and
performing normal processes, and the memory 520 can store 65
data for use by the processor 500 1n performing the opera-
tions.
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The embodiments of the application provide a readable
storage medium which 1s a nonvolatile storage medium
including program codes configured to cause a computing
device to perform the method above for determining a
preamble sequence on a PRACH according to the embodi-
ments of the application, upon being executed on the com-
puting device.

In summary, the technical solutions according to the
embodiments of the application can avoid the problem 1n the
prior art that 1f a plurality of UEs transmits over the same
time-irequency resource, then an M-stage preamble
sequence on an NR PRACH may not be detected accurately.
When a relative timing difference between preamble sub-
sequences of the UEs recerved by the network 1s more than
an estimated relative timing difference between preamble
sub-sequences of some UE, the reliability of the preamble
sequence solution can be guaranteed in effect.

Those skilled 1n the art shall appreciate that the embodi-
ments of the application can be embodied as a method, a
system or a computer program product. Theretfore the appli-
cation can be embodied 1 the form of an all-hardware
embodiment, an all-software embodiment or an embodiment
of software and hardware 1n combination. Furthermore the
application can be embodied 1n the form of a computer
program product embodied 1n one or more computer useable
storage mediums (including but not lmmited to a disk
memory, an optical memory, etc.)

in which computer useable program codes are contained.

The application has been described 1n a flow chart and/or
a block diagram of the method, the device (system) and the
computer program product according to the embodiments of
the application. It shall be appreciated that respective flows
and/or blocks 1n the flow chart and/or the block diagram and
combinations of the flows and/or the blocks in the flow chart
and/or the block diagram can be embodied 1n computer
program instructions. These computer program instructions
can be loaded onto a general-purpose computer, a specific-
purpose computer, an embedded processor or a processor of
another programmable data processing device to produce a
machine so that the instructions executed on the computer or
the processor of the other programmable data processing
device create means for performing the functions specified
in the flow(s) of the flow chart and/or the block(s) of the
block diagram.

These computer program instructions can also be stored
into a computer readable memory capable of directing the
computer or the other programmable data processing device
to operate 1n a specific manner so that the instructions stored
in the computer readable memory create an article of manu-
facture including 1nstruction means which perform the func-
tions specified in the flow(s) of the flow chart and/or the
block(s) of the block diagram.

These computer program instructions can also be loaded
onto the computer or the other programmable data process-
ing device so that a series of operational steps are performed
on the computer or the other programmable data processing
device to create a computer implemented process so that the
instructions executed on the computer or the other program-
mable device provide steps for performing the functions
specified 1n the flow(s) of the tlow chart and/or the block(s)
of the block diagram.

Evidently those skilled in the art can make wvarious
modifications and variations to the application without
departing from the spirit and scope of the application. Thus
the application 1s also mtended to encompass these modifi-
cations and variations thereto so long as the modifications




Us 10,772,133 B2

9

and variations come into the scope of the claims appended
to the application and their equivalents.

What 1s claimed 1s:

1. A method for determining a preamble sequence on a
Physical Random Access Channel (PRACH), the method
comprising;

In a previous stage, receiving respective preamble sub-
sequences, and determinming mstances of time at which
the respective preamble sub-sequences are detected in
a detection window;

in a current stage, recerving respective preamble sub-
sequences, and determining instances of time at which
the respective preamble sub-sequences are detected 1n
the detection window; and

determining preamble sub-sequences belonging to a same
preamble sequence according to the istances of time at
which the respective preamble sub-sequences are
detected 1n the current stage, and the instances of time
at which the respective preamble sub-sequences are
detected 1n the previous stage.

2. The method according to claim 1, wherein the detection

window 1s a Zadofl-Chu (ZC) sequence detection window.

3. The method according to claim 2, wherein the ZC
sequence detection window 1s a ZC sequence detection
window of a same root sequence, or a ZC sequence detection
window ol different root sequences.

4. The method according to claim 1, wherein the instances
of time at which the respective preamble sub-sequences are
detected 1n the detection window are detected at timing
positions.

5. The method according to claim 1, wherein determining
preamble sub-sequences belonging to the same preamble
sequence according to the instances of time at which the
respective preamble sub-sequences are detected 1n the cur-
rent stage, and the 1nstances of time at which the respective
preamble sub-sequences are detected in the previous stage
COmMprises:

determining an instance of time at which a preamble
sub-sequence 1s detected i the current stage, and an
instance of time at which some preamble sub-sequence
as preamble sub-sequences belonging to the same pre-
amble sequence 1n response to that a difference
between the instance of time at which the preamble
sub-sequence 1s detected in the current stage, and the
instance ol time at which the some preamble sub-
sequence 1s detected 1n the previous stage 1s below a
preset difference threshold.

6. A device for determiming a preamble sequence on a
Physical Random Access Channel (PRACH), the device
comprising;

a processor configured to read and execute program 1n a

memory 10o:

determine instances of time at which respective preamble
sub-sequences are detected 1n a detection window 1n a
previous stage;

determine 1nstances of time at which the respective pre-
amble sub-sequences are detected in the detection
window 1n a current stage; and

determine preamble sub-sequences belonging to a same
preamble sequence according to the mnstances of time at
which the respective preamble sub-sequences are
detected 1n the current stage, and the instances of time
at which the respective preamble sub-sequences are
detected 1n the previous stage; and

a transceiver configured to transmit and receive data
under the control of the processor 1s configured to:
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receive the respective preamble sub-sequences in the

previous stage; and

recerve the respective preamble sub-sequences in the

current stage.
7. The device according to claim 6, wherein the processor
1s further configured to determine the instances of time at
which the respective preamble sub-sequences are detected in
a ZC sequence detection window.
8. The device according to claim 7, wherein the ZC
sequence detection window 1s a ZC sequence detection
window of a same root sequence, or a ZC sequence detection
window ol different root sequences.
9. The device according to claim 6, wherein the processor
1s Turther configured to detect the instances of time at which
the respective preamble sub-sequences 1n the detection
window at timing positions.
10. The device according to claim 6, wherein the proces-
sor 15 Turther configured to determine an instance of time at
which a preamble sub-sequence 1s detected in the current
stage, and an instance of time at which some preamble
sub-sequence as preamble sub-sequences belonging to the
same preamble sequence in response to that a difference
between the instance of time at which the preamble sub-
sequence 1s detected 1n the current stage, and the 1instance of
time at which the some preamble sub-sequence detected in
the previous stage 1s below a preset difference threshold.
11. A non-transitory readable storage medium, comprising
program codes configured to cause a computing device to:
In a previous stage, receive respective preamble sub-
sequences, and determine instances of time at which
the respective preamble sub-sequences are detected 1n
a detection window;

in a current stage, receive respective preamble sub-se-
quences, and determine instances of time at which the
respective preamble sub-sequences are detected 1n the
detection window; and

determine preamble sub-sequences belonging to a same

preamble sequence according to the instances of time at
which the respective preamble sub-sequences are
detected in the current stage, and the instances of time

at which the respective preamble sub-sequences are
detected 1n the previous stage.

12. The non-transitory readable storage medium accord-
ing to claim 11, wherein the detection window 1s a Zadofl-
Chu (ZC) sequence detection window.

13. The non-transitory readable storage medium accord-
ing to claim 12, wherein the ZC sequence detection window
1s a Z.C sequence detection window of a same root sequence,
or a ZC sequence detection window of different root
sequences.

14. The non-transitory readable storage medium accord-
ing to claim 11, wherein the instances of time at which the
respective preamble sub-sequences are detected 1n the detec-
tion window are detected at timing positions.

15. The non-transitory readable storage medium accord-
ing to claim 11, wherein the program codes are further
configured to cause a computing device to:

determine an instance of time at which a preamble sub-

sequence 1s detected 1 the current stage, and an
instance of time at which some preamble sub-sequence
as preamble sub-sequences belonging to the same pre-
amble sequence 1n response to that a diflerence
between the instance of time at which the preamble
sub-sequence 1s detected 1n the current stage, and the
instance of time at which the some preamble sub-
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sequence 1s detected 1n the previous stage 1s below a
preset diflerence threshold.
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